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The relationship between ultrasound measurements and carcass fat thickness
and longissimus muscle area in beef cattle
S. P. Greiner*1, G. H. Rouse*, D. E. Wilson*, L. V. Cundiff†, and T. L. Wheeler†
*Department of Animal Science, Iowa State University, Ames 50011 and †Roman L. Hruska U.S. Meat Animal
Research Center, USDA, ARS, Clay Center, NE 68933
ABSTRACT: Five hundred thirty-four steers were
evaluated over a 2-yr period to determine the accuracy
of ultrasonic estimates of carcass 12th-rib fat thickness
(CFAT) and longissimus muscle area (CLMA). Within 5
d before slaughter, steers were ultrasonically measured
for 12th-rib fat thickness (UFAT) and longissimus mus-
cle area (ULMA) using an Aloka 500V real-time ultra-
sound machine equipped with a 17.2-cm, 3.5-MHz lin-
ear transducer. Overall, correlation coefficients be-
tween ultrasound and carcass fat and longissimus
muscle area were 0.89 and 0.86, respectively. Correla-
tions for UFAT with CFAT were similar between years
(0.86 and 0.90), whereas the relationship between
ULMA and CLMA was stronger in yr 1 (r = 0.91; n =
282) than in yr 2 (r = 0.79; n = 252). Differences between
ultrasonic and carcass measurements were expressed
on both an actual (FDIFF and RDIFF) and absolute
(FDEV and RDEV) basis. Mean FDIFF and RDIFF indi-
cated that ultrasound underestimated CFAT by 0.06
cm and overestimated CLMA by 0.71 cm2 across both
years. Overall mean FDEV and RDEV, which are indi-
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Introduction
The use of ultrasound technology to predict carcass
traits in live cattle is not a new concept, as ultrasound
has been used for over 40 yr to determine body composi-
tion in live animals (Stouffer et al., 1959). Generally,
most researchers have found ultrasound to estimate
carcass fat with an acceptable degree of accuracy (Wal-
lace et al., 1977; Brethour, 1992). Results for longissi-
mus muscle area have been less conclusive (Smith et
al., 1992; Waldner et al., 1992). Development of a longer
ultrasound transducer designed specifically for cattle
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cations of the average error rate, were 0.16 cm and 3.39
cm2, respectively. Analysis of year effects revealed that
FDIFF, FDEV, and RDEV were greater (P < 0.01) in
magnitude in yr 1. Further analysis of FDEV indicated
that leaner (CFAT < 0.51 cm) cattle were overestimated
and that fatter (CFAT > 1.02 cm) cattle were underesti-
mated with ultrasound. Similarly, steers with small
CLMA (<71.0 cm2) were overestimated, and steers with
large CLMA (>90.3 cm2) were underestimated. The
thickness of CFAT had an effect (P < 0.05) on the error of
UFAT and ULMA measurements, with leaner animals
being more accurately evaluated for both traits. Stan-
dard errors of prediction (SEP) adjusted for bias of ul-
trasound measurements were 0.20 cm and 4.49 cm2
for UFAT and ULMA, respectively. Differences in SEP
were observed for ULMA, but not UFAT, by year. These
results indicate that ultrasound can be an accurate esti-
mator of carcass traits in live cattle when measure-
ments are taken by an experienced, well-trained techni-
cian, with only small differences in accuracy between
years.
use that would allow for imaging of the entire longissi-
mus muscle area, has resulted in improved accuracy of
this trait (Herring et al., 1994).
Most studies have focused on the effects of animal,
technician, and machine on ultrasound accuracy
(McLaren et al., 1991; Perkins et al., 1992a; Herring et
al., 1994). However, variation in ultrasound accuracy
by the same technician scanning similar populations
of cattle over time has not been investigated. Large
differences in the accuracy of ultrasound in successive
years has implications if producers are to make genetic
progress by using this technology on breeding animals.
Therefore, the objective of this study was to determine
the relationship between ultrasound and carcass mea-
sures of 12th-rib fat and longissimus muscle area in a
large population of genetically diverse cattle. Addition-
ally, the effect of year on ultrasound accuracy when
measurements were taken by an experienced, well-
trained technician was evaluated.
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Materials and Methods
This study was conducted in cooperation with the
Roman L. Hruska U.S. Meat Animal Research Center
(MARC), Clay Center, NE. Five hundred thirty-four
calf-fed steers from the 1993 (yr 1, n = 282) and 1994
(yr 2, n = 252) calf crops of Cycle V of the Germplasm
Evaluation (GPE) program were used (Wheeler et al.,
2001). Cycle V F1 calves were produced by mating Here-
ford, Angus, and MARC III (¹⁄₄ Red Poll, ¹⁄₄ Hereford,
¹⁄₄ Pinzgauer, ¹⁄₄ Angus) dams to Hereford, Angus, Tuli,
Boran, Belgian Blue, and Brahman bulls. Description
of experimental cattle sources, animal management
practices, and cattle harvest/processing are detailed in
Wheeler et al. (2001). Carcass fat thickness used to
assess ultrasound accuracy was an unadjusted mea-
surement taken ³⁄₄ the length ventrally over the longis-
simus muscle (CFAT). Longissimus muscle areas
(CLMA) were traced on acetate paper and measured
later with a planimeter.
Each year, within 5 d of slaughter, steers were mea-
sured ultrasonically by the same Beef Improvement
Federation (BIF, 1997) certified technician for fat thick-
ness between the 12th and 13th ribs, ³⁄₄ the length ven-
trally over the longissimus muscle (UFAT), and for
longissimus muscle area between the 12th and 13th
ribs (ULMA). Images were also collected for rump fat
thickness at the junction of the biceps femoris and glu-
teus medius between the ischium and illium and paral-
lel to the vertebral column (URPFAT). Body wall thick-
ness at the 12th- to 13th-rib interface was collected
perpendicular to the external body surface at a distance
of 4 cm from the ventral tip of the longissimus muscle
(UBDWALL). Images were taken with an Aloka 500V
real-time ultrasound machine (Corometrics Medical
Systems, Wallingford, CT) equipped with a 17.2-cm,
3.5-MHz linear transducer. To ensure proper contact
between the ultrasound transducer and animal, the
transducer was fitted with a Superflab (Mick Radio-
Nuclear Instruments, Inc., Bronx, NY) guide for UFAT
and ULMA image collection. In the area to be scanned,
hair was clipped, thoroughly curried, and cleaned prior
to image collection. Vegetable oil was used as a couplant
to obtain adequate acoustic contact. Once a suitable
image had been obtained, the image was digitized and
stored on a personal computer with a video frame grab-
ber. Only one image per animal was stored for each
ultrasound trait. Images were interpreted using soft-
ware developed at Iowa State University.
Statistical analyses were conducted using SAS (SAS
Inst., Inc., Cary, NC). Pearson product moment correla-
tion coefficients were used to evaluate the relationships
between ultrasound and carcass measurements. Sev-
eral variables were created to assess the accuracy of
ultrasound measurements relative to carcass measure-
ments (Table 1). Analysis of variance was also con-
ducted for specific carcass measurement ranges so that
accuracy of ultrasound measurements could be com-
pared within the following six CFAT categories: 1)
Table 1. Description of acronyms
Acronym Definition
HCW Hot carcass weight, kg
CFAT Carcass 12th-rib fat thickness, cm
UFAT Ultrasound 12th-rib fat thickness, cm
CLMA Carcass longissimus muscle area, cm2
ULMA Ultrasound longissimus muscle area, cm2
URPFAT Ultrasound rump fat thickness, cm
UBDWALL Ultrasound body wall thickness, cm
FDIFF (UFAT − CFAT), cm
FDEV |(UFAT − CFAT)|, cm
RDIFF (ULMA − CLMA), cm2
RDEV |(ULMA − CLMA)|, cm2
CFAT ≤ 0.51 cm; 2) CFAT > 0.51 and ≤ 0.76 cm; 3)
CFAT > 0.76 and ≤ 1.02 cm; 4) CFAT > 1.02 and ≤ 1.27
cm; 5) CFAT > 1.27 and ≤ 1.52 cm; 6) CFAT > 1.52 cm.
Similarly, five CLMA categories were created: 1) CLMA
≤ 71.0 cm2; 2) CLMA > 71.0 and ≤ 77.4 cm2; 3) CLMA
> 77.4 and ≤ 83.9 cm2; 4) CLMA > 83.9 and ≤ 90.3 cm2;
and 5) CLMA > 90.3 cm2.
Standard errors of prediction, adjusted for mean bias
in the subclass of interest, were also calculated for
UFAT and ULMA. The standard error of prediction
(SEP) is a statistic used to evaluate ultrasound techni-
cian accuracy in current ultrasound certification clinics
(BIF, 1997).
Results and Discussion
Descriptions of the acronyms assigned to variables
are presented in Table 1. The ranges for carcass mea-
surements were 214 to 463 kg for HCW, 0.25 to 2.79
cm for CFAT, and 43.2 to 111.6 cm2 for CLMA (Table
2). The standard deviation for CFAT (0.44 cm) was
similar to values reported by Perkins et al. (1992b) and
Herring et al. (1994). Because this study contained only
steers, the CLMA standard deviation (8.69 cm2) was
smaller than the 9.2 cm2 reported by Perkins et al.
(1992a) and 9.6 cm2 reported by Duello (1992), both of
whom utilized populations of mixed sexes.
Table 2. Means and standard deviations of carcass and
ultrasound measures (n = 534)a
Trait Mean SD
HCW, kg 342.5 41.9
CFAT, cm 1.09 0.44
UFAT, cm 1.02 0.35
CLMA, cm2 78.10 8.69
ULMA, cm2 78.81 7.62
URPFAT, cm 1.09 0.32
UBDWALL, cm 5.36 0.82
FDIFF, cm −0.06*** 0.20
FDEV, cm 0.16 0.14
RDIFF, cm2 0.71*** 4.49
RDEV, cm2 3.39 3.03
aSee Table 1 for description of acronyms.
***Mean values different from zero (P < 0.001).
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Table 3. Correlation coefficients among ultrasound
and carcass measurements (n = 534)a
Variable CFAT UFAT CLMA ULMA URPFAT UBDWALL
CFAT — 0.89*** −0.14 −0.04 0.61 0.53
UFAT — −0.20 −0.09* 0.70 0.57
CLMA — 0.86 −0.09 0.14
ULMA — −0.02 0.24
URPFAT — 0.44
UBDWALL —
aSee Table 1 for description of acronyms.
*Correlation coefficients with absolute values ≥ 0.09 differ from zero (P < 0.05).
***Correlation coefficients with absolute values ≥ 0.14 differ from zero (P < 0.001).
The correlations between carcass and ultrasound
measurements of 12th-rib fat (r = 0.89) and longissimus
muscle area (r = 0.86) are in agreement with values
reported for experienced, highly skilled technicians (Ta-
ble 3). In a review of ultrasound accuracy studies,
Houghton and Turlington (1992) reported average cor-
relations of 0.86 and 0.73 between carcass and ultra-
sound measurements of 12th-rib fat and longissimus
muscle area, respectively. Although Robinson et al.
(1992) reported mean longissimus muscle area correla-
tions of 0.88 to 0.90 for technicians achieving accredita-
tion, the range of correlations for longissimus muscle
area is generally more variable than 12th-rib fat
thickness.
Although correlation coefficients are useful, they also
have their limitations since they do not account for bias
(tendency to underestimate or overestimate carcass
measurement with ultrasound). Analysis of mean bias
(FDIFF) revealed ultrasound underestimated CFAT by
0.06 cm for the entire population (Table 2). This value
was larger in magnitude than the values reported by
Duello (1992), Perkins et al. (1992a), and Robinson et al.
(1992). All studies reported that UFAT measurements
were less than CFAT measurements. Mean FDEV indi-
cated an average absolute difference between UFAT
and CFAT of 0.16 cm. This value was similar to the
results obtained by Brethour (1992; 0.157 cm) and Per-
Table 4. Means and standard deviations of carcass and ultrasound measures by yeara
Yr 1 (n = 282) Yr 2 (n = 252)
Trait Mean SD Mean SD
HCW, kg 333.6 40.4 352.4 41.4
CFAT, cm 1.04 0.41 1.14 0.46
UFAT, cm 1.00 0.35 1.05 0.35
CLMA, cm2 75.99 7.99 80.45 8.83
ULMA, cm2 77.04 7.49 80.79 7.27
URPFAT, cm 1.04 0.32 1.15 0.32
UBDWALL, cm 5.21 0.75 5.53 0.86
FDIFF, cm −0.04*** 0.19 −0.09*** 0.21
FDEV, cm 0.15 0.13 0.18 0.14
RDIFF, cm2 1.05*** 3.35 0.34 5.48
RDEV, cm2 2.71 2.22 4.15 3.68
aSee Table 1 for description of acronyms.
***Mean values different from zero (P < 0.001).
kins et al. (1992a; 0.19 cm), and lower than the 0.23
cm reported by Duello (1992).
In contrast to fat thickness measurements, ULMA
measurements were larger (0.71 cm2) than CLMA mea-
surements in this study. In contrast, Smith et al. (1992),
Perkins et al. (1992b), and May et al. (2000) reported
the tendency for ULMA to be smaller than CLMA. The
mean absolute difference between ULMA and CLMA
(RDEV, Table 2) was 3.31 cm2, which is more accurate
than the range of 4.94 to 6.76 cm2 reported by Herring
et al. (1994) for technicians using a machine identical
to that used in the present study.
Analysis of variance revealed year to be a significant
source of variation for ultrasound measurement vari-
ables (Table 4). Mean FDIFF and FDEV were larger
(P < 0.01) in magnitude in yr 2. These differences may
be partially attributed to differences in CFAT since
steers were leaner (P < 0.01) in yr 1 than yr 2. Several
studies have demonstrated that the magnitude of the
difference between UFAT and CFAT increases as CFAT
increases (Brethour, 1992; Duello, 1992; Herring et al.,
1994). However, correlations between UFAT and CFAT
were similar (r = 0.86 and 0.90, respectively) between
years (Table 5).
Bias in ultrasound estimates of CLMA was not differ-
ent between years (P > 0.10), even though RDIFF was
numerically smaller in yr 2. However, RDEV increased
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Table 5. Correlation coefficients between ultrasound and carcass
measurements by yeara
Variable CFAT UFAT CLMA ULMA URPFAT UBDWALL
Yr 1
CFAT — 0.86† −0.21 −0.13 0.59 0.57
UFAT — −0.25 −0.16 0.69 0.62
CLMA — 0.91 −0.14 0.07




CFAT — 0.90 −0.15 −0.01 0.63 0.48
UFAT — −0.21 −0.06 0.72 0.52
CLMA — 0.79 −0.14 0.12
ULMA — −0.03 0.25
URPFAT — 0.42
UBDWALL —
aSee Table 1 for description of acronyms.
†Correlation coefficients with absolute values ≥ 0.10 differ from zero (P < 0.10).
(P < 0.01) from 2.71 cm2 in yr 1 to 4.15 cm2 in yr 2,
indicating that ultrasound estimates of CLMA were
more accurate in yr 1. The stronger correlation between
ULMA and CLMA in yr 1 (r = 0.91) compared to yr 2
(r = 0.79) supports this finding (Table 5). The larger (P
< 0.01) mean CLMA in yr 2 may have contributed to
the larger RDEV, as larger CLMA have been shown to
be estimated less accurately with ultrasound (Duello,
1992; Herring et al., 1994).
To date, most ultrasound accuracy studies have ex-
amined the effects of operator, machine, and animal
gender. Few have reported the effect of year using the
same technician and machine on a population of similar
cattle. Duello (1992) found year-to-year variation in ul-
trasound accuracy variables for both 12th-rib fat and
longissimus muscle area, although these effects could
not be directly addressed because operator and machine
were not consistent across the 3-yr study. The differ-
ences in accuracy noted between years in the present
study may be due to technician error in collecting and
interpreting images. Due to the length of this study,
tendencies to deviate to one side or the other of anatomi-
cal reference points when interpreting UFAT and
ULMA may have resulted in the differences observed
between years. In addition, carcass measurements are
not taken without error, and this could have an effect
on the perceived accuracy of ultrasound. For example,
Robinson et al. (1992) reported a difference of 1.3 cm2
between two CLMA tracers, presumably due to the ten-
dency to deviate either to the inside or outside of the
muscle boundary. Similarly, Rouse et al. (1992) ob-
tained correlations of 0.97 for CFAT and 0.92 for CLMA
between two carcass evaluators. Therefore, there are
evaluator differences in carcass measurements that
may have implications to the year effects reported in
this study.
The SEP is a statistic used in certification clinics
to accredit technicians for ultrasound proficiency (BIF,
1997). Robinson et al. (1992) states that this statistic
has an advantage over mean absolute differences be-
cause by squaring differences, a few large errors are
considered more serious than a greater number of small
errors. The SEP also is thought to be the primary mea-
sure of the ability to correctly rank or predict differences
between animals (Robinson et al., 1992).
The SEP for fat thickness (FSEP) and longissimus
muscle area (RSEP) are presented in Table 6. Interest-
ingly, FSEP was similar between years, although more
bias was introduced in yr 2. Thus, after correction for
bias, the FSEP data suggest that the accuracy of mea-
suring CFAT with ultrasound was similar for the 2 yr.
In contrast, RSEP was much smaller in yr 1 than yr 2
despite the smaller mean RDIFF obtained in yr 2. The
RSEP would indicate that CLMA was more accurately
estimated with ultrasound in yr 1.
As a comparison, Robinson et al. (1992) reported
ranges of 0.07 to 0.13 cm and 4.94 to 5.16 cm2 for FSEP
and RSEP, respectively, for technicians receiving ac-
creditation. However, the cattle used by Robinson et
al. (1992) had a mean CFAT of 0.45 cm, which is much
leaner than that reported in the present study. More-
over, Duello (1992) had a higher proportion of cattle
with greater than 1.27 cm CFAT and obtained overall
FSEP and RSEP of 0.29 cm and 6.25 cm2, respectively.
Earlier studies have questioned the use of ultrasound
to assess CLMA (Smith et al., 1992; Waldner et al.,
1992). The low RSEP of 4.49 cm2 achieved in the present
study indicates that ultrasound can be used to accu-
Table 6. Standard errors of prediction for 12th- to 13th-
rib fat (FSEP) and longissimus muscle area
(RSEP) by year
Year n FSEP, cm RSEP, cm2
1 282 0.19 3.35
2 252 0.21 5.48
Overall 534 0.20 4.49
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Table 7. Least squares means and standard errors of accuracy variables
by fat categorya
CFAT category n FDIFF, cm FDEV, cm RDIFF, cm2 RDEV, cm2
≤0.51 cm 58 0.106 ± 0.022e 0.138 ± 0.017bc −0.91 ± 0.53b 2.87 ± 0.39b
>0.51 and ≤0.76 cm 121 0.038 ± 0.015f 0.125 ± 0.012b −0.14 ± 0.37bc 3.44 ± 0.27bc
>0.76 and ≤1.02 cm 123 −0.045 ± 0.015d 0.125 ± 0.012b 0.12 ± 0.37bc 3.56 ± 0.27bc
>1.02 and ≤1.27 cm 109 −0.127 ± 0.016c 0.159 ± 0.012cd 0.11 ± 0.40bc 3.64 ± 0.29bc
>1.27 and ≤1.52 cm 56 −0.160 ± 0.023c 0.185 ± 0.017d 1.13 ± 0.57cd 4.22 ± 0.41cd
>1.52 cm 67 −0.307 ± 0.021b 0.299 ± 0.016e 1.46 ± 0.51d 4.47 ± 0.37d
aSee Table 1 for description of acronyms.
b,c,d,e,fMeans in a column with different superscripts differ (P < 0.05).
rately identify differences in CLMA between animals.
The use of an ultrasonic transducer that allows the
entire longissimus muscle cross-section to be imaged
at once, compared to the split-screen technique required
with shorter transducers used in earlier studies, likely
contributed to the improvement in accuracy. Addition-
ally, operator skill has been shown to have a strong
influence on accuracy of ultrasonic estimation of carcass
traits (Robinson et al., 1992; Waldner et al., 1992; Her-
ring et al., 1994). The low FSEP and RSEP reported
in the present study further emphasize the accuracy
achievable by an experienced, well-trained technician.
These values are appreciably smaller than the maxi-
mums of 0.30 cm (FSEP) and 7.74 cm2 (RSEP) estab-
lished by the Beef Improvement Federation (BIF, 1997)
for technician certification.
To assess differences in the accuracy of ultrasound
as a result of the magnitude of the carcass measures,
the data set was divided into six categories based on
CFAT and five categories based on CLMA. Least
squares means and standard errors of accuracy vari-
ables within these CFAT and CLMA categories are pre-
sented in Tables 7 and 8, respectively. Means of FDIFF
by CFAT category indicate that leaner cattle (<0.51 cm
CFAT) were overestimated and fatter cattle (>1.02 cm
CFAT) were underestimated with ultrasound (Table
7). Least squares means of FDEV by CFAT category
suggest the absolute difference between UFAT and
CFAT was similar (P > 0.10) in categories with CFAT
< 1.27 cm, increased (P < 0.05) slightly when CFAT was
between 1.27 and 1.52 cm, and substantially increased
(P < 0.05) when CFAT > 1.52 cm. In contrast to the
Table 8. Least squares means and standard errors of accuracy variables
by longissimus muscle area categorya
CLMA category n RDIFF, cm2 RDEV, cm2
≤71.0 cm2 92 3.42 ± 0.43b 4.26 ± 0.31h
>71.0 and ≤77.4 cm2 168 1.69 ± 0.32c 3.10 ± 0.23i
>77.4 and <83.9 cm2 144 0.55 ± 0.34d 2.93 ± 0.25i
>83.9 and ≤90.3 cm2 81 −1.56 ± 0.46e 2.99 ± 0.34i
>90.3 cm2 49 −2.61 ± 0.59f 5.22 ± 0.43g
aSee Table 1 for description of acronyms.
b,c,d,e,fMeans in a column with different superscripts differ (P < 0.05).
g,h,iMeans in a column with different superscripts differ (P < 0.10).
findings of Duello (1992), CFAT category influenced the
accuracy of ULMA. Table 7 suggests that ultrasound
underestimates CLMA in leaner cattle (<0.51 cm CFAT)
and has the opposite effect in fatter cattle (>1.27 cm
CFAT). Additionally, RDEV tended to increase (P <
0.05) as CFAT increased. These results would support
the theory that increased subcutaneous fat cover makes
it more difficult to obtain a clear, high-quality image,
particularly for the ventral portion of the image. As a
result, determination of longissimus muscle boundaries
becomes difficult and, therefore, reduces the accuracy
of the ultrasound measurement.
Similarly, RDIFF showed that ultrasound overesti-
mates CLMA in light-muscled steers (<77.4 cm2 CLMA)
and underestimates CLMA in heavy-muscled steers
(>83.9 cm2 CLMA; Table 8). Mean RDEV was largest
(P < 0.10) for animals with very small (<71.0 cm2) and
very large (>90.3 cm2) CLMA. These results agree with
statistical expectations and previous studies that have
examined bias of ultrasound measurements in different
CFAT and CLMA categories (Smith et al., 1992; Her-
ring et al., 1994).
Standard errors of prediction by CFAT and CLMA
category are presented in Table 9. These results gener-
ally agree with the DIFF and DEV variables previously
discussed. Although the differences were small, FSEP
tended to increase as CFAT increased. The greatest
RSEP were associated with CLMA < 71.0 and > 90.3
cm2, with the smallest RSEP observed for the 83.9 to
90.3 cm2 CLMA category. The increase in RSEP as mag-
nitude of CFAT increased further supports the hypothe-
sis that accurate assessment of longissimus muscle
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Table 9. Standard errors of prediction by 12th- to 13th-rib fat (FSEP) and longissimus
muscle area (RSEP) categoriesa
Category n FSEP, cm RSEP, cm2
CFAT
≤0.51 cm 58 0.16 3.75
>0.51 and ≤0.76 cm 121 0.16 4.36
>0.76 and ≤1.02 cm 123 0.15 4.21
>1.02 and ≤1.27 cm 109 0.17 4.49
>1.27 and ≤1.52 cm 56 0.18 4.25
>1.52 cm 67 0.20 5.26
CLMA
≤71.0 cm2 92 0.20 4.83
>71.0 and ≤77.4 cm2 168 0.21 3.82
>77.4 and ≤83.9 cm2 144 0.22 3.79
>83.9 and ≤90.3 cm2 81 0.18 2.86
>90.3 cm2 49 0.16 5.52
aSee Table 1 for description of acronyms.
area becomes more difficult in cattle with more fat
cover.
Also of interest in this study were the characteriza-
tions of URPFAT and UBDWALL, which have been
identified as additional measurements that may be use-
ful in predicting beef carcass composition (Cross et al.,
1973; Wallace et al., 1977; Williams et al., 1997). Means
and ranges for URPFAT and UBDWALL were 1.09 cm
(0.30 to 2.29 cm) and 5.36 cm (3.34 to 8.43 cm), respec-
tively (Table 2). Table 3 indicates that both URPFAT
and UBDWALL were positively related to CFAT and
UFAT. As with CFAT and UFAT, mean URPFAT and
UBDWALL measurements increased (P < 0.01) across
years (Table 4), and correlations of URPFAT with CFAT
and UFAT were consistent across year (Table 5). How-
ever, UBDWALL was more strongly related to both
CFAT and UFAT in yr 1. The reason for this difference
is not known; however, it is possible that there may
have been some inconsistencies in image interpretation
that occurred between years, such as those discussed
earlier for UFAT and ULMA. The correlation between
URPFAT and UBDWALL (r = 0.44) indicates these two
traits are moderately related.
Least squares means and SE of URPFAT and UBD-
WALL by CFAT category are presented in Table 10.
Results indicate that both traits increased as CFAT
Table 10. Least squares means and standard errors of rump fat and body wall
thickness by fat categorya
CFAT category n CFAT, cm UFAT, cm URPFAT, cm UBDWALL, cm
≤0.51 cm 58 0.47 ± 0.014b 0.58 ± 0.022ba 0.76 ± 0.033ba 4.65 ± 0.089h
>0.51 and ≤0.76 cm 121 0.73 ± 0.010c 0.76 ± 0.015c 0.93 ± 0.023c 5.02 ± 0.063i
>0.76 and ≤1.02 cm 123 0.97 ± 0.010d 0.93 ± 0.015d 1.06 ± 0.023d 5.32 ± 0.062j
>1.02 and ≤1.27 cm 109 1.23 ± 0.010e 1.10 ± 0.016e 1.15 ± 0.025e 5.56 ± 0.066k
>1.27 and ≤1.52 cm 56 1.47 ± 0.015f 1.31 ± 0.023f 1.32 ± 0.035f 5.93 ± 0.095l
>1.52 cm 67 1.92 ± 0.013g 1.61 ± 0.021g 1.44 ± 0.032g 6.20 ± 0.086m
aSee Table 1 for description of acronyms.
b,c,d,e,f,gMeans in a column with different superscripts differ (P < 0.01).
h,i,j,k,l,mMeans in a column with different superscripts differ (P < 0.05).
and UFAT increased. Of interest is the mean URPFAT
compared to CFAT and UFAT for each category. In
cattle with <1.02 cm CFAT, URPFAT mean exceeded
both CFAT and UFAT. It has been proposed that URP-
FAT could serve as an alternative measurement site
for subcutaneous fat in leaner cattle (breeding cattle)
because URPFAT is greater than CFAT; therefore, dif-
ferences between animals could more easily be mea-
sured with ultrasound.
Because rump fat measurements are difficult to ob-
tain on the carcass, accuracy measures for URPFAT
are not available in this study. Robinson et al. (1992)
reported rump fat depth measured with ultrasound to
be consistently 20% higher than carcass measure-
ments, and accuracy measures for rump fat were simi-
lar to those found for 12th-rib fat. The ultrasonic rump
fat measure used by Robinson et al. (1992) was at the
P8 site, located over the gluteus medius on the rump,
which is similar to, but not precisely, the location used
for URPFAT in this study. The P8 site does not have
an obvious reference point, whereas the rump fat site
in the present study uses a muscle junction to ensure
consistent placement of the transducer.
Implications
Results from this study indicate that ultrasound tech-
nology has the potential to determine fat thickness and
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longissimus muscle area with a high degree of accuracy
when done by an experienced, well-trained technician.
Therefore, ultrasound can be used to describe carcass
traits in live cattle and allow for selection and manage-
ment decisions. Differences in accuracy for ultrasonic
measurements across years emphasize the importance
of proper maintenance of technique by technicians and
the need for periodic proficiency testing. The strong
relationship between ultrasonic measurements of rump
fat and body wall thickness with carcass 12th-rib fat
thickness suggest the need to further investigate these
variables as additional indicators of composition.
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